Abstract
Background: The Energiewende in Germany
The German Energiewende is without international precedent. There is no blueprint to follow, no experience to draw conclusions from. The transition, phasing-out of nuclear energy and building an energy system based on renewable energies, is a challenge for energy producers and large consumers that can hardly be underestimated. The technical challenge is huge, but the need to organize a secure, affordable energy supply for a country with a large manufacturing sector adds additional complexity. Researchers and international institutions analyze various aspects of the Energiewende, including economic effects, technological options, security of supply and political processes. The International Energy Agency proposes to focus e.g. on cost reduction, further improvements of market regulation, and investments in distribution [IEA, 2013, p. 16.] . The energy concept of 2010 and the accelerated phase-out of nuclear energy in 2011 mark the building of a consensus about transforming the energy system until 2050 [Bundesregierung, 2010; Bundesregierung, 2011] . While the Energiewende is supposed to reduce energy sector emissions, other dimensions of the energy trilemma need to be considered [Bardt, 2010, p. 4.; IW Köln, 2010, p. 2.] . While the political priority was to reduce environmental effects, security of supply and affordability remain important for economic development in an industrialized country like Germany. So far, security of supply has remained high, but prices have risen significantly due to the promotion of renewable energies and other instruments.
The core of the energy transition is the promotion of renewable energies that should dominate the electricity supply in the middle of the century. According to targets defined by the federal government, solar and wind power, biomass and other sources of renewable electricity should increase to meet 80 percent of total demand (Fig. 1) . Since 1991, the share of power from these sources promoted by subsidies has increased from 3.2 percent to 22.9 percent in 2012. After increasing by 20 percentage points in two decades, the remaining forty years until 2050 should bring an increase of an additional 60 percentage points.
The economic effects of the Energiewende are fundamental. The increase of retail prices due to rising levies on electricity consumption can endanger the competitiveness of certain companies and industries. Higher electricity costs can have a negative effect on domestic investments. These relations will be discussed in this paper.
Overview and Methods
The energy transition in Germany aims at an energy supply that produces most electricity with renewable energies by mid-century. What seems to be a smooth transition for the electricity sector can have a fundamental influence on the manufacturing sector. All large consumers of electric energy face additional risks regarding security of supply and additional costs. A stable supply of electricity is essential for production processes, public infrastructure, and private households [Petermann et al., 2010, p. 29] . While a decrease in security of supply is a rather subtle process, threats from additional costs caused by higher energy prices are more obvious. Political debates about an additional burden for energy-intensive industries to finance feed-in tariffs for renewable energies add strategic risks, which make decisions to invest in Germany more difficult. This is most critical for energy-intensive industries. However, industries with a lower share of electricity costs may face a negative impact on their competitiveness if value chains are disrupted because of energy politics. On the other side, additional opportunities can also arise from the energy transition, which have to be weighed against the threats caused by increasing electricity prices. This paper presents opportunities and threats arising from the Energiewende for the manufacturing sector, focusing on the effects of rising electricity costs on private investment. The analysis of the indirect risks and opportunities arising from the energy transition for non-energy-intensive industries is based on a broad survey, which was conducted in 2012. Depending on the questions and filters applied, 250 to 1,500 manufacturing sector executives in Germany have been surveyed [Bardt, Kempermann, 2013, p. 20.; Bardt, Kempermann, 2014, p. 4.] .Most of the results allow differentiating between two types of companies, type-D and type-0. There are three success criteria that describe type-D companies [Baal, Lichtblau, 2012, p. 233.] : they are working on international markets; they invest above average in research and development; and they are more innovative than other companies. About 60 percent of the companies in the manufacturing sector can be classified as type-D. In contrast, type-0 companies do not meet more than one of the criteria. These companies are significantly less successful regarding turnover, employment, profits and prospects.
Additionally, some of the results will be differentiated by the following industries: chemical, machinery, metals and metal products, and electronics and vehicles. All results will be extrapolated based on employment data. This allows a quantifying of the results according to the respective significance for the manufacturing sector.
Direct Cost Effects
Today, many companies realize the first effects of the Energiewende. The German energy transition assumes the fading out of nuclear energy until 2022. Its main focus, however, is to increase the share of electricity production from renewable energies to more than 80 percent by 2050.
One of the main problems for the manufacturing sector here involves increasing energy prices. While market-based net electricity prices have remained fairly constant over the last years, there has been a significant increase of taxes and other government-related charges. More than 80 percent of companies face rising energy prices due to increasing levies on electricity. This share will probably grow over the next years (Fig. 2) . Expectations regarding future developments have not been explained in the survey; but they will probably influence investment decisions, whether they are justified or not.
Almost one in four companies has identified better market opportunities due to the energy transition. One company out of six believes in increasing turnover in the short term, e.g., because they produce energy-efficient technologies. Medium-term prospects are a little better. The share of companies that fear threats for existing markets is similar. In the short run, about 10 percent expect a decline in employment and turnover as price competitiveness may be endangered. In the medium run, these shares are higher: 24 percent of the companies fear lower employment figures, while 16 percent expect a decrease in turnover.
The largest policy impact is expected in the future stability of energy supply. Only 12 percent of the companies see a short-term decline of security as a consequence of the Energiewende. In the medium run, this share is about 20 percentage points higher: a third of companies assume constraints of electricity supply. Rising energy costs are among the main challenges for the manufacturing sector. This is especially true for energy-intensive companies. Costs that apply only in Germany and not in other countries can become a significant threat if energy is the main cost factor for a company. Table 1 shows more detailed results, indicating significant differences between selected industries and types of companies. While, for example, more than 40 percent of all electronics and automotive industry companies believe in additional market opportunities, over 40 percent of those in the metal industry expect threats for existing markets. Turnover developments show differences as well: about one out of three electronics or automotive companies has realized rising turnover due to the Energiewende. In contrast, this was only true for one out of eleven companies in the metal industry and one out of twenty in the chemical industry.
Companies that are innovative, do research, and work internationally gain more benefits from the energy transition than others. Almost 20 percent of these type-D companies managed to increase their turnover, as against 11 percent of type-0 companies. Rising energy costs are more important for type-D than for type-0 companies. About 83 percent of the more successful businesses face higher costs. The share among type-0 companies is about 11 percentage points lower.
To identify those industries that are most affected by rising electricity prices, absolute consumption of electricity and energy intensity should be considered. The chemicals and metal industry alone consume 19 and 18 percent of the electricity delivered by electricity suppliers to the manufacturing sector. Other industries, like automobile, construction, paper, food, glass and machinery production use only between 5.5 and 8.3 percent of the industrial demand of electricity. Furthermore, energy intensity is very high in the paper and chemical industry, along with the glass and ceramic, and metal industries.
The new energy policies, in conjunction with their impact on electricity prices, have become very important for German enterprises. According to a poll conducted by KfW, 61 percent of all German companies think that energy costs are an important factor when decisions about new investments are made [KfWBankengruppe / ZEW, 2012, p. 38.] .
The development of net investment by energy-intensive industries reveals a difficult situation and a lack of confidence in high quality of electricity supply and, in particular, in competitive energy prices in Germany (Fig. 3) . In non-energy-intensive industries, net investment has amounted to between -15 and +10 percent of gross investment over the last decade. In total, the sum of gross investments since 2000 almost equals depreciation, which results in a total net investment of 0 in the non-energy-intensive industries. While capital stock has been more or less stable in other industries, the situation of energy-intensive industries has been very difficult. In most years since 2000, net investment by the chemical, paper, glass and ceramic, and metal industry has been negative. In these industries, depreciation has been higher than gross investment. In 2005, for example, net investments were about 28 percent lower than depreciation. Only in 2008 was a positive net investment balance observed. Over the last decade, only 85 percent of all depreciation in energy-intensive industries has been replaced by investments. This is a slow process of disinvestment, which cannot be explained with high energy prices only. But the situation will probably become more critical with a rising national tax burden on energy. As wholesale prices have recently fallen, large consumers of electricity, which typically pay below wholesale prices and avoid most taxes and levies, are shielded from higher costs. However, most of the special regulations and exemptions that protect these companies from rising levies are limited in time. Future price development is unclear and a major increase following the end of the exemptions is possible. Although the current price is competitive this unclear perspective endangers investment by these companies,.
Indirect Effects on Value Chains and Innovation
The Energiewende has not only direct (price) effects on energy-intensive industries. There will also be indirect consequences when current value chains or networks are affected. The German economy is characterized by a broad structure of different industries and intensive supply chain networks, which allow a high degree of specialization and division of labor. The specialization or concentration on core competences generates competitive advantages. At the same time, specialization in value chains leads to additional dependencies. If an important supplier drops out, the value chain cannot be sustained. Negative economic consequences for a number of companies in the affected value chain therefore become both possible and probable. More than 80 percent of the companies asked in the survey have energy-intensive suppliers. They have very close relations within value chains, but further network relations are intense as well: more than 40 percent of all companies in the manufacturing sector co-operate in networks with energy-intensive industries. About a third of the companies of the manufacturing sector see the risk that German suppliers could drop out of the supply chain. The share of companies that co-operate with energy-intensive industries and fear a negative influence on the stability of the value chains is above average. About 40 percent of these companies believe in risks for the supply chain. In contrast, only a quarter of the companies without any cooperation with energy-intensive industries believe so.
The Energiewende can become a real threat to the stability of existing value chains. Companies expect to be indirectly affected if energy-intensive companies lose competitiveness and relocate from Germany due to rising energy costs. Since close relations between energy-intensive and other companies are evident, insecurity cannot be limited to certain sectors. More than a third of all companies in the manufacturing sector expect negative consequences on their own business success if energy-intensive industries lose competitiveness in Germany and 13 percent believe that their domestic research and development networks are endangered as energy-intensive industries have specific core functions in these networks ( Table 2) .
The long run competitiveness innovation capacities of energy-intensive industries are important for other parts of the manufacturing sector as well (Table 3 ). The share of manufacturing sector companies that name the innovation potential of energy-intensive industries in Germany as an important factor for their own company is more than 70 percent. Innovative chemicals or metal producing companies contribute to the success of a large part of the German economy. The most successful companies (type-D) rely more than other businesses on energy-intensive industries as the innovation capacities of energy-intensive industries are important for three quarters of these companies. Moreover, about 45 percent of the companies in the manufacturing sector receive important innovation impulses from cooperating with energy-intensive companies.
With energy-intensive industries relocating from Germany, the structures of existing value chains would need to be rearranged. Furthermore, domestic research and development networks would be weakened since the innovation impulses of energy-intensive industries for the manufacturing sector in Germany would be reduced, weakening innovation potential and the competitiveness of the whole economy. 
TABLE 4. Influence of the location of energy-intensive industries (in percent)
Type-0 Type-D Manufacturing sector
We would source energy-intensive products abroad, but would not pursue common research and development. 11.8 12.9 12.5
We would source energy-intensive products abroad and would conduct common research and development. The results discussed so far show that energy-intensive industries play a vital role for the value chains and innovation activities of the German economy. In this context, where these suppliers are located is relevant. Less than 43 percent of the manufacturing sector think that it does not matter in which country the energy-intensive companies they cooperate with are located. Almost a third of the companies state that future cooperation depends on which country energy-intensive suppliers would relocate to. One in eight manufacturing sector companies would import products, but would not rebuild common research and development. A slightly higher share would do both, no matter where these parts of the value chain are based (Table 4) .
Many companies of the manufacturing sector in Germany are sceptical about common research and development with energy-intensive suppliers from abroad. Table 5 shows the obstacles impeding better international co-operation. Three of these obstacles are relevant for more than half of the companies of the manufacturing sector: the complexity of contracts; large geographical distances; and potentially higher costs. Almost 30 percent of the German manufacturing sector believe that in many countries technological competences of energy-intensive companies do not meet necessary standards. This is especially relevant for the machinery and metal industry. In addition, almost 40 percent of the companies see lack of trust as the main obstacle for further cooperation in research and development. Deficient competences in technology are foremost a concern of type-D companies. As they are highly human capital-intensive, technological know-how is much more important for them than it is for type-0 companies. Furthermore, type-D companies focus more on lack of trust and cultural obstacles, perhaps because of their more extensive experience with international cooperation, especially outside of Europe.
These obstacles are relevant for international cooperation with energy-intensive industries and also for all kinds of cooperation in research and development with foreign partners. Distortions of existing value chains and cooperation due to the relocation of certain industries would cause a long-lasting loss for the economy as a whole, as many German companies would not be able to establish adequate networks with international partners.
The survey results reveal that rising domestic energy prices would not only endanger energy-intensive industries, but also negatively impact other parts of the manufacturing sector. The potential relocation of energy-intensive companies would destroy supply chains and innovation networks, weakening the innovative potential of important industries. These networks are often based on cooperation between partners from different industries, many of which are part of the domestic energy-intensive sector. In many instances, it is impossible to replace these with new international innovation partners, at least in the short run. This is especially threatening for the more successful innovation-intensive type-D companies, which are most important for economic development and prosperity in Germany. Securing existing value chains and innovation networks should no longer be underestimated. 
Opportunities for the Manufacturing Sector in Germany
The Energiewende creates not only risks to the manufacturing sector; new business opportunities are linked with the energy transition process as well, not only in Germany but also globally [Kaminsky, 2010] . More than 11 percent of manufacturing companies believe in major opportunities for their businesses (Fig. 4) . About a third of the companies expect minor opportunities. The majority of about 60 percent of the manufacturing sector, however, does not see new prospects in conjunction with the Energiewende. Only 10 percent of the type-D companies expect substantial opportunities, while almost 15 percent of the type-0 companies are optimistic. This demonstrates that those companies, which are especially competitive and successful in today's markets and which are working in existing international value chains are most sceptical about the potential effects. Table 6 lists the main business areas in which companies see the most opportunities related to the Energiewende. Renewable energies and energy efficiency are the most important options here, as 85 percent of the companies in the manufacturing sector that see opportunities focus on these areas. Another 4 percent expect growing business in energy-specific services. With more than 16 percent, this share is much higher in the group of business-related services and construction. Similarly, energy-related construction works are only relevant for 3 percent of the manufacturing sector, as against almost 20 percent of the other companies. Comparing different company types, it can be seen that the more innovative, international and successful companies (type-D) concentrate on energy efficiency, while the less successful type-0 companies -which expect more opportunities from the Energiewende -focus on renewable energies. 
Conclusions
The transition of German energy brings risks and opportunities. Among companies in Germany there is much uncertainty about the consequences for the own businesses, with 80 percent manufacturing sector companies unsure if opportunities or risks are dominant. Only 1.2 percent believe that the Energiewende strengthens Germany as a business location, while 18.8 percent expect it to become weaker.
The Energiewende is most relevant for the energy sector and energy-intensive industries, which face higher prices or other risks of cost increases, and fear a loss of competitiveness on international markets. Notwithstanding, other companies of the manufacturing sector must be taken into consideration, too, as their innovation capacities partly result from close cooperation with energy-intensive suppliers. However, new market opportunities will arise as the energy transition is a game changer for important parts of the economy and cannot be seen as a technological challenge only. Especially innovative, export oriented and successful companies are closely linked to energy-intensive industries. Cooperative innovation is a competitive advantage, which would be at risk if energy prices were to endanger energy-intensive industries. These forms of cooperation could hardly be replaced by new international value chains in the short term. Cooperative innovation between different industries is one of the strengths of the manufacturing sector in Germany today. If innovation impulses from energy-intensive industries are reduced in the future, the position of other industries on world markets will become weaker. However, opportunities arising from the energy transition must not be forgotten. In this context, renewable energies and energy efficiency are the most important fields for the manufacturing sector. The less successful, international and innovative the companies are, the more opportunities in renewable energies arise. More global and innovative companies, on the other hand, focus on energy efficiency.
